Eye therapy such as eye massages, has been designed to reduce eye problems and improve blood circulation of the eyes. When reading, the signs and symptoms of visual exhaustion are related to visual stress and people may make use of eye therapy to reduce this visual stress. It is well-known that a relaxed mind can be analysed via the study of an electroencephalogram signal. In this paper, we investigated the effect of eye therapy on visual stress by analysing brain signals (EEG) in frequency domain. Ten subjects participated. In the control task, subjects were asked to relax while EEG data were captured for two minutes. The next part was a visual test task, where the subjects were asked to search for a specific word in a text displayed on a computer screen while their EEG data were recorded. One visual test was performed without prior eye therapy, while the other three visual test tasks were performed following different eye therapy routines. The visual test task was completed fastest when subjects received eye drops and eye massages prior to the visual test. The difference between the visual test with and without prior eye therapy can be observed in the high-gamma frequency band, where with eye therapy, the highgamma frequency band significantly increases in the frontal, temporal and occipital areas, and the word search performance was improved, with a shorter time needed to complete the task. In conclusion, the high-gamma frequency band may be an indicator to study visual stress, while specific eye-therapy routines may contribute to better eye and brain performance in word searching in a text displayed on a computer screen.
1.0 INTRODUCTION
The broad spectrum of common eye irritation symptoms in an office building includes eyes that are dry, sore, itchy, stinging, gritty, scratchy, and strained. These are caused by several factors, for example, environmental factors such as low relative humidity and high room temperature, attention-demanding task content that widens the exposed ocular surface area and decreases blinking, and characteristics of the individual, such as blinking anomalies, use of contact lenses and tear film alterations [1] . Lubricating eye drops may be used in the treatment of visual stresses, such as dry eye, to maintain the stability of the pre-corneal tear film and reduce the oxygen permeability into soft contact lenses [2] . Eye drops can provide relief for short-term dry eyes when the cause is related to temporary circumstances. Meanwhile, a particular eye massage with a magnetic field on the soft massage feeler applied to specific acupuncture points on the front of the physical energy can improve the function of the cells as well as overcome many types of eye irritation symptoms [3] . This eye therapy device is a new line of eye massage therapy products.
Currently, there are many types of eye drops and eye therapy devices on the market for different functions. A specific electronic eye massage purports to reduce eye swelling and eye fatigue, relieve insomnia and headaches, and improve eye blood circulation after a long period in front of a computer [4] . Some consumers believe that their eyes become fresher and their need for glasses is reduced after using this eye therapy device. Until recently, though, there has been no research that verified the efficacy of this device.
The main focus of this paper is to determine the effects of this eye therapy on visual stress and brain performance using an electroencephalogram (EEG) signal. Visual stress refers to reading difficulty, light sensitivity and headaches from exposure to disturbing visual patterns. Visual stress can be tested by using a rate of reading test, in which subjects are required to read aloud randomly ordered common words as quickly as possible [4] . The test was modified in the paper, as reading aloud will interfere with the EEG signal; refer to section 2.0. (C) for details.
2.0 METHODOLOGY

A. Participant
Ten electrical engineering students, aged 20 to 25 years old, participated in the study. All of them wear glasses, are in healthy condition and are free from any disease or medication.
B. Data Measurement
The data of the brain signal were collected using an electroencephalography (EEG) machine (EEG-9100J/K Neurofax, Nihon Kohden, Japan). The brain activity was recorded using a 19-channel electrode placement cap situated on the scalp according to the International 10-20 system of electrode placement (i.e., , , , , , , , , , , , , , , , , , , and ). Two external electrodes (Ag/AgCl) were placed on both earlobes (i.e., and ) of the subject for grounding (Figure 1 ). The low pass filter was set to 0.07 Hz, and the high pass filter was set to 120 Hz. The impedance check was maintained below 50 k, and the sampling frequency was 1 kHz. A stop watch was used to measure the time taken by the subject to complete the assigned task.
C. Experimental Task and Procedure
As mentioned, visual stress can be tested by using a rate of reading test. As reading aloud interferes with the EEG signal, a word search test was used instead.
First, subjects were asked to relax while the EEG data were recorded (control task). Then, the subjects were given a visual test in which they needed to search for a given word in a text displayed on a computer screen, and at the same time, their EEG signals were recorded. The visual test was divided into four parts. The Visual test-No Therapy (VT-NT) task was a visual test without any eye therapy given prior to the test. The Visual test-Eye drop (VT-ED) task was a visual test with a particular eye drop given to the subjects prior to the test. The Visual testEye massage (VT-EM) task was a visual test with a particular eye massage given to the subjects prior to the test. Lastly, the Visual test-Eye drop + Eye massage (VT-EDEM) task was a visual test with both an eye drop and eye massage given to the subjects prior to the test.
Figure 1 19-channels of electrode placement with grounding
The time provided to the subjects to find the word "PERMATA" in text displayed on a computer screen was only 2 minutes. Within this period, if the subject was able to find the word in the text, the test was stopped. If the subjects failed to find it within 2 minutes, the test was stopped as well. A stopwatch was used to measure the time. For the eye massage session, the treatment had a duration of 3 minutes. At the end of each visual test, the subjects were given a questionnaire consisting of 11 questions related to the experiment.
For all four visual tests, the subjects were required to find the word "PERMATA" in text as quickly as possible. The use of randomly ordered words ensures that each word cannot be guessed but rather has to be seen to be read, while the use of common words ensures that the words are familiar to poor readers. The text was meaningless and was printed in a small font with single spacing between the words to increase the subject's brain visual stress. Four texts with the same characteristics were used, although they used different words. All of the texts contained 170 words, consisting of 50 words of 1-4 letters, 50 words of 5-9 letters, 50 words of 10-14 letters, and 20 words of 15-19 letters. The texts were typed in capital letters in Times New Roman with a font size of 12. The search word "PERMATA" in all of the texts was placed in the 100 th word position. The distance between the subject's eyes and the text was fixed at 1.5 m.
D. Data Processing
We analysed the spectral power in six different frequency ranges: 1-3 Hz (delta), 4-7 Hz (theta), 8-12 Hz (alpha), 13-30 Hz (beta), 31-50 Hz (gamma), and 51-120 Hz (high-gamma). The condition-related power change was expressed as (power (visual test) -power (control))/power (control). A t-test was conducted to determine the significance of differences between the control task and the four visual test tasks, and the significance level was set to P < 0.05. Table 1 shows the time taken for each subject to finish the given tasks. Six subjects (60%) completed the VT-EDEM task in the shortest time compared to the other visual test tasks. Only one subject was unable to complete the task in the stipulated time for the VT-EDEM task. In comparison, as many as 50% of the subjects did not complete the visual test in the stipulated time in the VT-NT task, in which no eye therapy was given to the subject prior to the test. On average, the shortest time required was for the VT-EDEM task, followed closely by the VT-EM task, the VT-ED and the VT-NT. Based on the questionnaires, 60% of the subjects have astigmatism, with half at a moderate level. Most, except for 2 subjects, could adapt to the eye drops and eye therapy device, even though they felt itchy at first. Most also agreed that they could see the text more clearly after receiving an eye massage for three minutes instead of the eye drop. They felt it was difficult to complete the VT-NT task because they had to gaze at a laptop screen on which the letters of the text appeared to move and were too close to each other. They also felt slight eye strain when performing the VT-ED task. The condition of the eyes improved when they received the eye massage. As for reading habits, 60% of the subjects started the search at the top left of the screen by reading word by word. Tables 2 to 5 show the t-test values between the control and VT-NT, VT-ED, VT-EM, and VT-EDEM tasks, respectively. P values less than 0.05 were bolded, indicating significant differences between the control and visual test tasks. No significant differences were found in the theta frequency band. Other frequency bands showed significant differences between the control and visual test tasks, especially in the frontal and temporal areas and in the parietal area as well. Figures 2-6 show the ratio of normalised power changes for delta, alpha, beta, gamma, and high-gamma, respectively, for all of the tasks with respect to the control value. Here, we only summarise the VT-EDEM task result, which took the shortest. As shown in Table 5 and Figures 2-6 , the delta frequency band decreased significantly for the VT-EDEM task compared to the control. However, the alpha, beta, gamma, and high-gamma frequency bands increased significantly for the VT-EDEM task compared to the control, mainly in the frontal area and somewhat in the temporal and occipital areas (for beta frequency band and higher). In summary, the visual test task was completed most quickly when subjects received an eye drop and eye massage prior to the test. Based on the frequency analysis, the alpha, beta, and gamma frequency bands significantly increased during the visual test tasks compared to the control in the frontal area, with or without prior eye therapy. The alpha frequency band indicates increase signal-to-noise ratio [5] [6] [7] , while higher frequency bands are related to attention, concentration, and awareness during activity that requires thinking [8] . The difference between the visual test tasks with and without prior eye therapy (VT-NT vs. VT-EDEM) can be observed in the high-gamma frequency band, where with eye therapy, the highgamma frequency band significantly increases and the visual test performance was better with a shorter time needed to complete the task. 4.0 CONCLUSION Based on these findings, eye therapy may have a positive effect on reducing visual stress during a word search in text on a computer screen. However, possibility of the outcomes is due to the inherent bias because of task sequence cannot be rule out and further investigation is needed in this aspect. Nevertheless, these findings may suggest that eye therapy may be suitable for enhancing eye and brain performance, as in this modern world, facing a computer screen for long periods of time is the norm.
3.0 RESULTS AND DISCUSSION
A. Period of Test and Questionnaires
B. EEG Signal Analysis
